Numerous studies of fertility behavior find that an early age at first birth increases the rate of subsequent childbearing. Typically, however, these studies do not account for the possibility of serial correlation in the unobserved determinants of fertility. Using 1979 -1992 individual-level data from the National Longitudinal Survey of Youth, this paper employs the Method of Simulated Moments to estimate panel probit models of annual birth outcomes. The panel probit models account for several alternative sources of serial correlation. Estimation reveals that once serial correlation is taken into account, the subsequent fertility effects of early childbearing are either statistically eliminated or reversed. JEL classification: J13
childbearing. More generally, several other recent studies have documented how sensitive estimates of various consequences of early fertility are to alternative statistical controls for biases from unobserved heterogeneity. 1 This paper examines the relationship between teenage and young adult childbearing using 1979 -1992 data from the National Longitudinal Survey of Youth (NLSY). Specifically, it applies the Method of Simulated Moments (MSM) panel probit procedure developed by Keane (1992 Keane ( , 1994 to estimate the determinants of annual fertility from ages 15 to 28 separately for white, black, and Hispanic women. The MSM procedure is advantageous because it provides a tractable way of consistently estimating dynamic probit models with general forms of serial correlation.
The paper develops a number of important results. First, it finds that the unobserved determinants in several specifications of the fertility model are characterized by moderately complicated forms of serial correlation. Thus, the use of the MSM estimator, rather than standard cross-section or random effects probit procedures, is justified. Second and more substantively, it finds that controlling for serial correlation makes a difference in the estimated relationship between early and subsequent fertility. Models that do not account for serial correlation generally reproduce the literature's findings of a strong positive association between early and later births for white, black, and Hispanic women. However, after serial correlation is taken into account, this association reverses direction for white and black women; for Hispanic women, the association diminishes in magnitude and becomes statistically insignificant.
The remainder of this paper is organized as follows. The next section briefly discusses the key hypotheses and methodological issues and reviews the findings of previous studies. Section 3 describes the data that are used. The paper's empirical results are reported and interpreted in Sect. 4. Concluding remarks appear in Sect. 5.
Research issues
Dynamic economic models of life-cycle fertility are consistent with the possibility of both actual effects of early births on subsequent childbearing and "spurious" effects through omitted and unobserved variables.
2 These models are generally extensions of household production models in which period-by-period fertility enters as both a good and a decision variable and previous fertility (or more precisely, the time and goods requirements of children) enters as an argument in the production of household commodities. In such a framework, previous births may have direct effects on subsequent childbearing if, for instance, women have preferences regarding the number of children and use fertility as a stock adjustment variable. Previous fertility may also indirectly influence later childbearing through its effects on human capital investment, productivity inside and outside the labor market, and marriage behavior. For example, a negative effect of teen fertility on human capital investment might affect subsequent market and non-market opportunities thereby altering the incentives and resources available for later childbearing.
3 Negative effects of early childbearing on subsequent marriage prospects and marital stability might similarly reduce the resources available for later childbearing. Finally, while direct and indirect effects from early to subsequent childbearing are possible, the dynamic models clearly demonstrate that causality could also run from preferences for children and anticipated family size to fertility timing.
The empirical relationship between birth timing and subsequent fertility has been extensively researched. As mentioned, the early literature reported a positive relationship between early births and subsequent childbearing but mostly failed to control for sources of spurious correlation. The most prominent studies addressing the problem of unobserved heterogeneity were the analyses of Swedish women by Heckman et al. (1985) and Heckman and Walker (1991) . These studies showed that when serial correlation was taken into account, the positive association between early and later births was either eliminated or reversed. Given these results and the high rates of adolescent childbearing in the United States, it is surprising that longitudinal models incorporating detailed controls for serial correlation have not been used in a general analysis of the relationship between teenage and subsequent fertility in this country.
Several studies have examined selected groups of U.S. women or included limited or specialized correlation controls. Hotz and Miller (1988) jointly modeled married women's longitudinal contraception decisions, labor supply, wages, and child care costs and included controls for unobserved heterogeneity. Their results indicated that an earlier age at birth decreased subsequent birth probabilities. In contrast, Hoffman et al. (1993) found that the positive effects of teen fertility on subsequent childbearing were reduced but not eliminated when sibling comparisons were used to control for unobserved heterogeneity. Using miscarriages as a quasi-experimental control for heterogeneity, Hotz et al. (1995) came to a similar conclusion.
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This paper examines the determinants of young women's fertility using a simple longitudinal econometric specification. Let y i,t be an observed dichotomous variable that equals one if woman i experiences a birth at age t and zero otherwise, and let be an unobserved latent variable that describes the woman's propensity to give birth. The latent variable is assumed to be a function of previous fertility behavior, other observed and possibly time-varying determinants (x i,t ), and unobserved factors (ε i,t ) such that and A (L) is a general lag operator. The observed birth outcomes at each age are assumed to follow With the additional assumption that e4, is independently and identically normally distributed, Eqs. (1, 2) constitute a simple probit specification.
If the explanatory variables are uncorrelated with the unobserved component, the coefficients in Eq. (1) can be consistently estimated using standard maximum likelihood (ML) methods. However, in the presence of serially correlated errors, this orthogonality condition breaks down for the lagged dependent variables, and consistent estimation becomes problematic. While ML estimation is theoretically possible, it requires the evaluation of Tfold integrals for general forms of serial correlation. 5 In the case of normally distributed variables and data sets with T> 3, standard numerical evaluation methods are impractical. Fortunately, newly-refined statistical techniques based on simulation methods provide alternatives to standard ML estimation. This paper adopts the MSM panel probit procedure developed by Keane (1992 Keane ( , 1994 ; a detailed description of this procedure appears in Appendix A. Keane's estimator is advantageous in several respects. First, it permits consistent estimation of dynamic probit panel models from long panels with complex correlation structures performing well even in the presence of high degrees of serial correlation. Second, given a consistent set of parameter starting values, the estimator is asymptotically efficient. Third, consistency and asymptotic normality in the sample size hold for fixed numbers of simulations; thus, estimation can be carried out in a reasonable amount of time on a personal computer or small workstation.
Data
The primary data used in this analysis come from the 1979-1992 panels of the National Longitudinal Survey of Youth (Center for Human Resource Research 1992). The NLSY is a large national sample of 12686 individuals who were 14 to 21 years old in 1979.
6 Individuals have been re-interviewed annually since 1979. The survey contains detailed longitudinal demographic and geographic information. Personal and family background data are also available. Attrition in the sample has been minimal.
The empirical analysis requires year-to-year data on teenage and young adult childbearing as well as contemporaneous data on the determinants of childbearing. Accordingly, the analysis focuses on women who were 14-16 years old on January 1, 1979. For each woman, the paper constructs an annual fertility history describing whether she experienced a birth in each calender year from the time she was age 15 until she either left the survey, was missing information regarding her childbearing or one of the explanatory variables, or reached the 1992 panel. The annual binary fertility outcomes serve as the dependent variable in the empirical analysis. The data form an unbalanced panel that contains up to 14 annual observations for each woman. Women who experienced births prior to the calendar year in which they turned 16 (the calendar year they entered as 15-year-olds) are excluded from the analysis.
7 Separate data sets are generated for black, Hispanic, and other (mostly white and hereafter referred to as white/other) women.
To examine the effect that a woman's prior fertility has on her subsequent childbearing, the analysis uses distributed lags in the dichotomous birth measure as explanatory variables. Specifically, the models include one-, two-, three-, and four-year lags in the fertility variable as well as a variable which is the sum of all births lagged five years or more.
8 To capture differences in the effects of first and subsequent births, several models include similar lag variables defined only over higher parity births. Finally, to examine the effects of early childbearing, the models include lags defined only over births and occurred prior to the calendar year in which the woman turned 20 years of age.
Beyond the lags in the dependent variable, the empirical specifications include a modest number of independent controls.
9 Several family background measures -the woman's number of siblings, an indicator for whether she lived in a non-intact family at age 14, an indicator for the availability of reading materials at age 14, and three variables for her mother's education -act as time invariant controls. Time-varying measures directly available from the NLSY include the woman's age, an indicator for residence in an urban area, and the unemployment rate in her country of residence. In addition, annual county-specific information on birth rates (U.S. Bureau of Health Professions 1993), the number of obstetricians and gynecologists (Ob-Gyn physicians) (data obtained from Quality Resource Systems, Inc. of Fairfax, Virginia), and average earnings for retail workers (U.S. Bureau of Economic Analysis 1992) as well as annual state-level information on Medicaid abortion funding restrictions (Merz 1994; Matthews et al. 1995) have been merged into the data using geographic codes from the NLSY. All of the independent explanatory variables have appeared in previous analyses of early fertility. Each has a straightforward economic, sociological, or demographic interpretation.
The final data set contains 11933 annual observations describing 1128 individual white/other women, 5931 annual observations describing 531 individual black women, and 4118 annual observations describing 384 individual Hispanic women. Means and standard deviations for the dependent and independent variables calculated separately by race and ethnicity appear in Appendix B. The number of observations in each race/age cohort of the panel are also listed in Appendix B.
Empirical analysis
Estimation results from alternative specifications of the panel probit models for white/other, black, and Hispanic women appear in Tables 1, 2 , and 3, respectively. The first three columns in each table report results from an initial set of specifications which pool the longitudinal fertility data for each woman as independent observations and estimate the determinants of year-to-year childbearing using cross-section ML probit methods. These specifications, which omit controls for serial correlation, should be helpful in replicating the findings of earlier studies.
The specifications labeled (a) regress current birth outcomes on the full set of independent variables and on the five lagged dependent variables describing the women's early childbearing. 10 The coefficients on these lagged variables provide estimates of the gross differences in fertility behavior between teen mothers and all other women. Consistent with the findings of most previous studies, the estimates indicate that some strong and significant positive associations exist between early childbearing and subsequent fertility for all three racial/ethnic groups. Specifically, white/other women experience significantly higher rates of fertility in each of the first four years following a teen birth but significantly lower rates of fertility thereafter. For black women, there is a very weak and insignificant negative association between teen births and fertility in the following year, a significantly positive association with fertility two years later, and a weak and insignificant association thereafter. For Hispanic women, significantly positive associations are estimated for fertility in the first, second, and fourth years following a teen birth.
The next specifications (b) in each table add general measures for lagged births to the measures for early births. This permits an examination of the subsequent childbearing patterns of teen mothers relative to those of young adult mothers. For all three racial/ethnic groups, the added general lag variables are jointly significant with a similar coefficient pattern -a negative association in the first year after a birth, positive coefficients in the second through fourth years, and a negative association thereafter. The results from specification (b) also indicate that white/other and Hispanic teen mothers have higher rates of subsequent fertility than either women who delay their births until after age 20 or other women generally and that teen births among these two groups are more closely spaced than young adult births. In particular, the first and fourth lags in teen births are significantly positive and the other lag coefficients are weakly positive for white/other women, while the first and second teen fertility lags are significantly positive for Hispanic women. A different relative picture appears for black women in specification (b) where the subsequent fertility behavior of teenage mothers is statistically indistinguishable from that of young adult mothers. Tables 1-3 includes controls for lagged births generally as well as lagged higher parity and teenage births. For all three racial/ethnic groups, the added coefficients are again jointly significant. For all three groups, the significant coefficients from the general fertility lags are positive while the significant coefficients for the higher parity birth lags are negative. The results are consistent with a "two-child norm" and indicate that while subsequent childbearing is higher among women who have already become mothers than other women, childbearing otherwise decreases with parity. For white/other and Hispanic women, the differential effects of teen births are weaker than those estimated in specification (b). For both groups of women, the coefficient on the first teen birth lag is significantly positive, though smaller than in the previous specification, and the coefficients on the remaining lags are insignificant. For black women, the coefficient on the three-year lag in teen births becomes significantly negative while the other coefficients remain insignificant.
Specification (c) in
To summarize the results so far, estimates from models that omit controls for serial correlation indicate that teen mothers of all three racial/ethnic groups go on to bear more children overall than other women. White/other and Hispanic teen mothers also appear to have more children and more closely spaced births than women who become mothers after age 20. For black women, teen mothers appear to experience slightly lower rates of subsequent fertility than older mothers.
The remaining columns in Tables 1-3 report estimates from respecified versions of the previous models that incorporate alternative controls for serial correlation. The specifications have been estimated using a two-stage (relatively efficient) application of the MSM panel probit procedure (see Appendix A for details).
The first of these specifications (d) takes the basic model with controls for early childbearing but no other fertility measures and reparameterizes the error term to incorporate a permanent random effect (respecifies the error term for woman i in year t as (
. The random effect controls for unobserved and imperfectly measured timeinvariant individual characteristics such as overall fecundity, preferences for children, and labor market skills. When the results from specification (d) are compared with those from (a), the null hypothesis of no random effects is clearly rejected for all three groups of women. The respecification also leads to noticeable changes in the estimated relationship between early and later fertility with the coefficients on lagged teen fertility becoming more negative for all three racial/ethnic groups. For white/other women, only the third lag on teen births remains significantly positive, and the coefficient on teen births lagged five or more years becomes more strongly negative. For black women, the coefficient on the final lag term also becomes significantly negative.
The next column reports results from a respecification of model (d) in which the transitory component of the error term is parameterized to follow an autoregressive process of order one (an AR(1) process). This relaxes the equicorrelation assumption of the previous specification by permitting decay over time in the effects of some unobserved variables. The specification may capture the effects of biological processes such as the period of subfecundity associated with breast-feeding or gradual changes in economic and social opportunities. For all three groups of women, likelihood ratio tests and estimates of significantly negative AR(1) correlation coefficients lead to a rejection of the equicorrelation assumption. The estimated effects of early fertility appear to be sensitive to the particular method used to control for serial correlation. Specifically, the coefficient for the first lag in teen births becomes more positive for all three groups with the coefficients for white/other and Hispanic women becoming significant. The coefficients for the remaining lags in teen births become more negative.
In specification (f), the transitory component of the error term is reparameterized to follow an AR (2) process. The added correlation coefficient is positive and statistically significant for white/other and black women but weak and insignificant for Hispanic women. Despite the significant AR (2) coefficients, there are few substantive changes in the estimated effects of early fertility for any of the groups. For white/other women, the coefficients on the first two lags become slightly more negative while the remaining coefficients become more positive; for black and Hispanic women, a handful of marginally significant coefficients from the previous specification lose their significance.
The final specifications in Tables 1 -3 control for the women's observed fertility histories as well as for serial correlation in the unobserved variables. Specification (g) includes a permanent random effect and lags for all births (i.e., adds a random effect to model (b)). The variance coefficient for the permanent component is significant for white/other and black women but insignificant for Hispanic women. Including the component dramatically changes the coefficients on lagged births for white/other and black women with all ten coefficients in each specification becoming negative and most becoming significantly so. Specification (h), which adds lags in higher parity births to the previous model, nests specifications (a) through (d) as well as (g) as special cases. The coefficients on the added variables are individually insignificant in all three tables, and the inclusion of these variables does not significantly improve the likelihood relative to (g). For all three groups, however, the likelihood is improved relative to models (a) through (d). The coefficient for the variance of the random effect is significant only for white/other women. Across all groups, the coefficients for early births are mostly similar in sign and magnitude to the estimates from model (g), although a few coefficients change their significance levels.
A final specification which adds an AR(1) transitory component to model (g) is estimated for white/other women.
11 While the random effects variance coefficient remains significant, the AR(1) correlation coefficient is not. Relative to model (g), the estimated effects of early births for white/other women decrease in magnitude with the coefficients on two previously significant lag terms losing their significance. For the general lag variables, the coefficients mostly increase in magnitude relative to (g), and all remain significantly negative.
The results from the preceding tables are reported in terms of coefficients on distributed lags and, in some cases, lags interacted with other variables. As such, direct interpretation of the results is difficult. To illustrate better the implications of alternative models, Table 4 lists age-specific predictions of birth probabilities and achieved parities for women who experienced first births at ages 17 and 20. By comparing outcomes across these two groups of women, we can see what various models tell us about the subsequent fertility effects of postponing a teen birth by a few years.
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The first results in Table 4 are produced using specification (c), which contains extensive controls for fertility history but no controls for serial correlation. For white/other women, the predicted profiles indicate that women who delay their first birth until age 20 have higher annual fertility rates than the teen mothers from age 22 on. At each reported age, the teen mothers have higher achieved parities with the gap narrowing from 0.487 children at age 21 to 0.160 children at age 28. Although black women have higher overall levels of fertility on average than white/other women, the estimates from specification (c) lead to essentially the same relative outcomes -mostly higher age-specific fertility rates for young adult mothers but higher, albeit gradually narrowing, achieved parities for teen mothers. The predictions for Hispanic women, however, are very different. In particular, the annual fertility rates for Hispanic teen mothers are higher than those for young adult mothers at every age except 22 -24. The difference in achieved parities at age 28 (0.592) is little different than the difference at age 21 (0.648). Overall, the results for all three groups are consistent with the early literature's findings of higher achieved parities for teen mothers.
The next set of results are based on specification (h) which includes controls for both fertility history and serial correlation. Relative to the previous results, these specifications predict mostly lower annual fertility rates. However, the decreases are generally sharper for the younger than the older mothers. Indeed, for white/other and black women, the specifications predict much lower rates of fertility among the teen mothers than the young adult mothers. The differences are such that by age 22 the predicted cumulative fertility of the age-20 white/other mothers actually exceeds that of the age-17 mothers; the corresponding cross-over point for black women is age 23. For Hispanic women, the achieved parities of younger and older mothers do not cross-over, though the remaining differences are narrower than in the previous specification. 
Conclusions
This paper estimates panel probit models of annual birth outcomes and examines the relationship between teenage and young adult childbearing. Using models which omit controls for women's fertility histories and assume that the unobserved determinants of fertility are serially uncorrelated, the paper replicates existing findings of positive effects of early births on later childbearing. In subsequent models, however, it finds strong evidence of serial correlation as well as evidence that the estimated relationship between teen and young adult childbearing is sensitive to controls for serial correlation and other fertility behavior. For white and black women, adding these controls leads to significant negative estimates of the effect of early fertility on later childbearing and birth spacing. In the case of Hispanic women, the controls lead to estimates which are consistent with either positive or negative effects of teen childbearing. Overall, there is little evidence that postponing births from just before to just after age 20 reduces subsequent childbearing among women who are otherwise disposed to become mothers.
Like earlier studies by Heckman et al. (1985) and Heckman and Walker (1991) , the paper demonstrates the importance of controlling for unobserved heterogeneity and distinguishing between particular sources of heterogeneity in models of fertility. As with several other recent studies, it also shows that the estimated consequences of teen childbearing depend critically upon assumptions regarding such heterogeneity. In terms of policy, the results caution us that programs which attempt to reduce adolescent fertility without addressing its underlying causes may only marginally affect women's subsequent economic and social well-being.
Endnotes
1 Examples of these recent studies include Bronars and Grogger (1994) , Geronimus and Korenman (1992) , Hoffman et al. (1993) , Hotz et al. (1995) , Klepinger et al. (1995 a, b) , Olsen and Farkas (1989) , and Ribar (1994 Ribar ( , 1995 . 2 Examples of theoretical life-cycle fertility models which incorporate timing effects include Blackburn et al. (1993 ), Happel et al. (1984 , Moffitt (1984a) , and Vijverberg (1984) ; see also the review of these models by Montgomery and Trussell (1986) . 3 Differing estimates of the human capital consequences of early fertility have been reported by Bronars and Grogger (1994) , Geronimus and Korenman (1992) , Hofferth (1987 ), Hoffman et al. (1993 , Klepinger et al. (1995 a, b) , Olsen and Farkas (1989) , Ribar (1994 Ribar ( , 1995 , and Upchurch and McCarthy (1990) . 4 Moffitt (1984b) estimated panel probit models of married women's annual birth outcomes. His study did not explicitly examine the effects of birth timing on subsequent fertility. It did, however, control for and find evidence of serial correlation. It also reported "a strong education-timing interaction, showing that more educated women begin child-bearing later and have children at a faster rate once they begin". 5 If the source of serial correlation can be expressed in terms of a factor analytic structure (e.g., as in the single-factor random effects model), evaluation of the integral is greatly simplified and can be accomplished using standard numerical quadrature methods (for the random effects example, see Butler and Moffitt 1982) . 6 In the initial survey, blacks, Hispanics, disadvantaged white youth, and military personnel were oversampled. Weights (not used here) are available to make the data nationally representative. For each household sampled in 1979, the NLSY gathered data for all individuals aged 14 -21 within the household. The present analysis does not account for possible household-specific correlations across individuals (these correlations are extensively examined by Ribar 1995) . 7 The restriction eliminates data for 1 woman who had a birth in the calendar year she turned 14 and 13 women who had births in the calendar year they turned 15. The exceedingly small sample probabilities for these births made the events unsuitable for analysis. 8 This restricts births lagged five or more years to have identical effects on the dependent variable. The lag restriction was selected after some experimentation. Alternative lag specifications do not substantially change the study's findings. Because women with births prior to age 15 have been removed from the analysis, lags describing fertility before this age have been initialized at zero. 9 Computation time for the MSM procedure rises nearly proportionately with the number of model coefficients. The study's design, which involves estimation and comparison of results from numerous MSM specifications, necessitates that a relatively parsimonious set of independent variables be used. Several other independent controls -e.g., variables for father's education, detailed family structure at age 14, religion and religiousness, other local economic conditions, and access to other reproductive health services -have been included in various specifications without substantially altering the results. 10 For brevity, coefficients for the independent variables are not reported. These results are available from the author upon request. 11 Imprecision in (weak identification of) the covariance parameters led to very slow convergence in the MSM procedure for white/other women. Similar models failed to converge for black or Hispanic women. Accurate simulation on the likelihood was hampered by the high degree of serial correlation. Despite the fact that model (i) nests model (g), the simulated likelihood for (g) is slightly higher than for (i). Note that the likelihood requires simulations of the full sequence probabilities for each individual; the problems in this calculation are not transmitted to the MSM estimates which rely on independently simulated and smaller dimension transition probabilities. The results for specification (i) are reported as a general robustness check. 12 The predictions in Table 4 , which are computed using point estimates of the model coefficients and not accompanied by confidence intervals, should be interpreted with caution. 13 To conserve space, predictions from other specifications are not reported. The implications of the results from specifications (d), (e), and (1) are relatively clear. For specification (g), the predictions were qualitatively similar to those from model (h).
